Abstract: Acute postsurgical pain (APSP) is a common and anticipated problem after surgery with detrimental consequences if not appropriately managed. This study examined the independent and joint contribution of presurgical demographic, clinical, and psychological variables as predictors of APSP intensity, evaluated using an 11-point numeric rating scale, after inguinal hernioplasty, one of the most performed surgeries worldwide. In a prospective observational cohort study, a consecutive sample of 135 men undergoing hernioplasty was assessed before and 48 hours after surgery. When adjusted for depression, helplessness, and magnification scores, a multiple hierarchical regression analysis revealed that younger age (b = À.247, P < .005), previous chronic pain (b = .175, P < .05), presurgical anxiety (b = .235, P < .05), and the rumination component of pain catastrophizing (b = .222, P < .05) were significant predictors of APSP intensity. The integrative predictive model found in this study revealed the simultaneous influence that demographic, clinical, and psychological factors have on APSP after inguinal hernioplasty. Therefore, these results improve knowledge on APSP predictors after inguinal hernioplasty and highlight potential modifiable intervention targets, such as anxiety and pain catastrophizing (rumination), for the design of interventions focused on APSP prevention and management. Hence, taken together, these findings lend support for the inclusion of presurgical screening and psychological interventions among surgical patients at risk for higher APSP intensity.
the same surgery type, patients report different pain levels and reveal distinct analgesic needs. 53 This emphasizes the fact that there are other issues, beyond clinical factors, influencing APSP experience. In this line, several predictors associated with APSP experience have been identified and can be distinguished basically according to 3 categories: demographic, clinical, and psychological. 24, 71 Concerning demographic and clinical factors, age and previous chronic pain have been established as important predictors of higher APSP, independent of the type and extent of surgery. 7, 20, 24 Meanwhile, there has been increasing evidence of psychological factors as key determinants to the experience of APSP. 8, 24, 25, 41, 57 Initially, emotional factors such as anxiety and depression emerged as the main psychological factors of interest in predicting APSP. 14, 29, 30, 52 Lately, pain catastrophizing has been drawing attention and come to light as one of the strongest psychological predictors of pain experience. 25, [33] [34] [35] 48, 57, 58, 60, 65 Pain catastrophizing generally refers to an exaggerated negative mental set that is triggered during an actual or anticipated painful experience. It consists of negative thoughts about painful sensations and involves: rumination, characterized by a tendency to focus excessively on pain sensations; magnification, related to the exaggeration of the threat value of pain; and helplessness, which means a perceived inability to control pain. 51, 62 Several studies observed a strong relationship between pain catastrophizing and APSP, above and beyond demographic, clinical, and other psychological factors, in distinct types of surgery. 25, 48, 57, 58, 60, 65 In sum, the importance of observational prospective studies focused on the identification of predictors and potentially modifiable determinants of APSP, stems from the need to identify early and intervene in patients at risk for higher APSP levels. This allows the development of effective pain management programs, in the realm of a pain predictive approach. 61, 69, 71 Inguinal hernioplasty is one of the most frequently performed operations in general surgery. 6, 54 However, and despite the considerable amount of studies regarding postsurgical pain after this surgery, most of them focus on chronic postsurgical pain (CPSP), 1, 2, 5, 6, 9, 18, 50 leaving a considerable gap of knowledge concerning APSP and its predictive factors. Notwithstanding, even in CPSP studies, psychological factors have been overlooked, with the exception of 2 studies. 1, 50 In one of them psychological factors did not result as significant risk factors for CPSP. 1 Contrarily, in the other study 50 it was concluded that cognitive, but not emotional factors, were predictive of CPSP. A relevant fact in these considerations regarding APSP and CPSP is that the former has been the most closely and consistently predictive factor related to CPSP, 1, 3, 9, 22, 31, 32, 47 which emphasizes the importance of early detection and treatment of APSP.
The aim of this study was to examine the independent and joint contribution of presurgical demographic, clinical, and psychological variables as predictors of APSP intensity after inguinal hernioplasty. In accordance with the literature it is expected that: 1) younger patients, and those reporting previous chronic pain, will report higher APSP intensity; and 2) psychological factors will play a significant role in APSP intensity.
Methods

Participants and Procedures
This study was conducted in a central hospital, in northern Portugal, and consisted of a prospective observational cohort study, investigating predictors of APSP and CPSP among men undergoing inguinal hernioplasty. Ethical approval was granted by the hospital's ethic committee and all patients provided their written informed consent as a condition to participate in the study.
The inclusion criteria were: age between 18 and 75 years old, undergoing only primary and unilateral inguinal hernioplasty, being able to understand written information (informed consent), absence of psychiatric or neurologic diagnosed pathology (eg, psychosis, dementia), physical status classification of the American Society of Anesthesiologists (ASA) #II, body mass index <30, and weight >50 kg. Simultaneously, patients undergoing emergency surgeries, laparoscopic surgeries, or having a scheduled surgery for bilateral or recurrent hernia were excluded.
For the purposes of the present analyses, wherein the focus was on APSP, data concerning the assessments before (T1) and 48 hours after (T2) surgery were retained, making up 135 participants. Data regarding CPSP, retrieved from the 1-year assessment time, will be presented later. All of the assessments were performed by a trained psychologist. Presurgical evaluation took place upon hospital admission, on the day of surgery (T1), in a quiet and private room and all patients were given the same explanation in terms of study aims, to avoid variations that could affect study results. In T2, all patients were contacted via telephone and assessed following a strict protocol.
Measures Presurgical Assessment (T1)
At the preoperative evaluation, information on the following presurgical variables was collected to assess their relative contribution to APSP ( Table 1 ). For that purpose, the questionnaires listed were used: 1) Sociodemographic Questionnaire: collected information regarding age, education, residence, marital status, professional status and household; 2) Clinical Questionnaire: included questions concerning disease onset, previous pain (related to the cause of surgery) and its duration and frequency, pain due to other causes, comorbidities, previous surgeries, height, weight, as well as the use of psychotropic drugs (anxiolytics and antidepressants); 3) Brief Pain Inventory-Short Form (BPI-SF) 12 : used only in patients with presurgical hernia-related pain and measured the following: pain intensity on an 11-point numeric rating scale (NRS; 0 represents ''no pain'' and 10 ''the worst pain imaginable'') regarding pain at its worst, on the average, at its least, and right now (for the purposes of current study only the former 2 were considered); analgesic intake; perception of analgesic relief; pain interference with daily life (general activity, mood, walking, work, relations with others, sleep, and enjoyment of life); and pain location in the body. Higher scores represent higher levels of pain interference; 4) Hospital Anxiety and Depression Scale 72 : evaluated anxiety and depression using 2 seven-item subscales, among patients in nonpsychiatric hospital settings. Subscale scores vary between 0 and 21, with higher scores representing higher levels of anxiety and depression; 5) Pain Catastrophizing Scale (PCS) 62 : assessed thoughts and feelings related to pain experience via 13 items that are summed to yield a total score, which varies between 0 and 52, with higher scores representing higher levels of pain catastrophizing. It also might be further decomposed in 3 subscales: rumination (4 items), magnification (3 items), and helplessness (6 items). In this case, each subscale score ranges between 0 and 4.
Postsurgical Assessment (T2)
The primary outcome measure was APSP intensity measured 48 hours postsurgery. Immediately after surgery, the patients were sent to the recovery room, where their pain was assessed at arrival, 2 hours later, and before discharge. The provision of rescue analgesia was recorded, as well as the dose administered, along with the occurrence of nausea and/or vomiting. After hospital discharge, and within the first 48 hours after surgery, patients were contacted via telephone and asked to rate their worst and average pain level, on an 11-point NRS (from the BPI-SF). Patients were also asked about analgesic relief using a scale from the BPI-SF ranging from 0 to 100%. Pain frequency was assessed using the frequency subscale of the McGill Pain Questionnaire: constant (continuous, steady), intermittent (periodic, rhythmic), or brief (momentary, transient). 43 
Surgical, Anesthetic, and Analgesic Procedure
After standard monitoring (electrocardiogram, peripheral oxygen saturation, noninvasive blood pressure, end-tidal carbon dioxide), placement, and preoxygenation, all patients received a standardized anesthetic technique. General anesthesia was induced with intravenous (IV) administration of 1 to 2 mg of midazolam, 3 mg/kg of fentanyl, and 2 to 2.5 mg/kg of propofol. A properly sized laryngeal mask airway device was inserted according to the manufacturer's instructions, and the correct position was confirmed by ease of assisted ventilation and absence of leak. When surgical depth of anesthesia was achieved, the surgeons were allowed to proceed with the incision. Anesthesia was maintained with sevoflurane 1.6-2% and a mixture of 40% oxygen in air. Hemodynamic parameters were recorded every 3 minutes.
In addition, patients were assigned to an analgesic protocol that was determined and supervised by the anesthesiologist who was in charge of the patient. It could be: 1) IV tramadol (2 mg/kg), or 2) local infiltration of 20 mL of .75% ropivacaine before surgical incision. Additionally, all patients received 1 g of IV paracetamol and 75 mg of IV diclofenac as adjuvant analgesics. Postsurgical nausea and vomiting prophylaxis was performed in accordance with the current guidelines from the Portuguese Society of Anesthesiology.
At the end of surgery, patients stayed at the postanesthesia care unit. Pain scores were frequently assessed and rescue analgesia (2-3 mg of morphine IV) was given to all patients reporting moderate to severe APSP levels, defined as a NRS $3. Oral analgesia was prescribed at discharge from hospital, and included ibuprofen 600 mg and tramadol 37.5 mg/paracetamol 325 mg.
Clinical data related to surgery, anesthesia, and analgesia were gathered from medical records.
Statistical Analyses
The software G*Power, version 3.1.9, 16 was used to investigate the sample size required to test the proposed effects. With 95 participants, there would be 95% power to detect an effect size of .20, assuming a type I error of 5% and 7 predictors included in the linear regression analysis. Because this was part of a larger prospective cohort study (3 time points), a total of 135 patients were included in the study. Additionally, we took into account the comprehensive overview that Green 23 provides to the procedures that should be used to determine regression sample sizes. 67 Assuming a medium-sized relationship, he recommends N > 50 1 8 m (where m is the number of independent variables) for testing the multiple correlation and N > 104 1 m for testing individual predictors, which implies N > 106 and N > 111, respectively. Thus, with 135 patients we gathered the conditions to perform the proposed statistical test.
Data were analyzed using the Statistical Package for the Social Sciences, version 22.0 (SPSS, Inc, Chicago, IL). The primary outcome variable in this study was APSP, assessed as a continuous variable (NRS 0-10), 48 hours after surgery. Descriptive statistics were computed on presurgical, surgical, and postsurgical sample characteristics. Continuous variables are presented as mean and SD, and categorical data are presented as numbers and percentages. Pearson correlation coefficients and pointbiserial correlation coefficients were performed to assist in the selection of the predictor demographic and clinical variables to include in the regression analysis.
To determine the predictors of APSP intensity, a multiple hierarchical regression analysis was conducted. In the regression model, age was included in the first block and previous chronic pain was added in the following block, because of their significant association with pain after different surgical procedures 7, 20, 24, 29, 52 and because they were the only demographic and clinical variables showing a significant association with APSP in Pearson and point-biserial correlation coefficients.
Psychological factors were entered in the following blocks: emotional-related factors (anxiety and depression) in the third block and cognitive-related factors (helplessness, magnification, and rumination components of pain catastrophizing) in the fourth and last block. To control for the influence of multicollinearity, the variance inflation factor value and the tolerance coefficients for every independent variable were calculated and were established as being <2.5 and >.50, respectively.
Results
Total Sample Description on Presurgical Sociodemographic, Clinical, and Psychological Measures (T1)
A total of 135 patients were included in the study. Table 1 shows that the mean age of patients was 51.13 years (SD = 12.26), 87.4% were married, 38.6% had basic education of 4 years, and that 66.7% of patients were employed. On clinical variables, the mean disease (inguinal hernia) onset was 35.82 months (SD = 56.11) and in terms of inguinal hernia side, the frequency of left and right cases was similar (49.6% and 50.4%, respectively). Concerning previous chronic pain history, 87 patients (64.4%) reported pain longer than 6 months, either related to surgical cause or not.
Regarding psychological variables, the mean score value for anxiety was 4.91 (SD = 3.44) and for depression was 1.77 (SD = 2.37). Helplessness and magnification subscales of pain catastrophizing had a mean score of .57 (SD = .67) and .79 (SD = .82) respectively, whereas rumination subscale mean score was 1.37 (SD = 1.09; Table 1 ).
Total Sample Description on Surgical and Postsurgical Measures (T2)
Concerning surgical data, Table 2 shows that 57 patients (42.2%) were classified with ASA I whereas 70 patients (51.9%) were classified with ASA II. Regarding the analgesic protocol, 46 (34.1%) and 81 (60.0%) patients had protocol 1 and 2, respectively, with additional analyses not revealing differences on APSP intensity between both (NRS [protocol 1] = 4.50 vs NRS [protocol 2] = 4.37, F = .865, P = .725), ruling out the influence of the type of analgesic protocol on APSP experience.
Immediately after surgery, 13 patients (9.2%) reported pain at the arrival to the recovery room and 47 (35.5%) complained of pain 2 hours later. Thirtyfour patients (25.1%) reported pain at discharge of the recovery room, with 29 patients (21.5%) being administered with rescue analgesia (Table 2) . Later, at home, 48 hours after surgery, 134 of 135 men reported pain, the worst level of APSP intensity was 4.48 (SD = 2.02), whereas the average level was 2.63 (SD = 1.21). Regarding pain frequency, almost all patients complained of brief and momentaneous pain Table 3 shows that among demographic and clinical variables, only age (r = À.24, P < .01) and previous chronic pain (r = .21, P < .05) correlated significantly with APSP intensity. Consequently, these 2 variables were selected to be inserted in the multiple hierarchical regression analysis that was conducted. Table 4 reveals that age (block 1) was a significant predictor (b = À.237, P < .01), explaining 5.6% of the variance in APSP intensity. Previous chronic pain was added to the block 2 and emerged as a significant predictor (b = .242, P < .01), whereas age kept its significance (b = À.264, P < .01). Block 2 accounted for an additional 5.8% of the variance. Psychological variables, namely emotional factors, were added to the third block, explaining an additional 9.2% of the variance in APSP intensity. Depression did not yield significant results whereas anxiety (b = .226, P < .05) emerged as a significant variable. In the final block, helplessness, magnification, and rumination (pain catastrophizing components) were entered, explaining an additional 2.5% of the variance in APSP intensity, but only rumination resulted as a significant predictor (b = .222, P < .05). Besides rumination, this final model showed that anxiety (b = .235, P < .05), previous chronic pain (b = .175, P < .05), and age (b = À.247, P < .005) were also significant predictors. This final model explained 23.1% of the total variance in APSP intensity after inguinal hernioplasty.
Prediction of APSP Intensity After Hernioplasty Surgery
Discussion
The present study sought to explore the joint role of demographic, clinical, and psychological factors in predicting APSP after inguinal hernioplasty. Among the assessed risk factors, age, previous chronic pain, either related to surgical disease or to other causes, presurgical anxiety, and the rumination component of pain catastrophizing emerged as significant predictors of APSP, when adjusted for depression, helplessness, and magnification scores. These results constitute a novelty because, to the best of our knowledge, there are no predictive prospective studies on APSP after inguinal hernioplasty that take into consideration the independent and joint contribution of demographic, clinical, and psychological variables. Indeed, there are several studies focused on pain after inguinal hernioplasty, yet aiming at the CPSP experience.
1,2,5,6,9,18,50 Concerning age, this study adds to previous research that has identified younger patients at higher risk for APSP after diverse surgical procedures, 20, 24, 29, 30, 48, 52 including hernioplasty. 37, 66 Thus, age should be considered when calculating the risk of patients developing severe APSP.
Previous chronic pain has already been identified as a predictor of CPSP after inguinal hernioplasty, 18, 50 but this is the first study pointing to its predictive value in the specific realm of APSP after this surgery. This association had already been established for APSP, 7, 20, 48, 52 albeit in other types of surgery. Actually, there is no other patient factor so consistently related to the development of future pain problems as pain itself. 31, 32 Although the mechanisms for pain predicting pain are not totally clear, it is likely that plastic changes in the nociceptive and supraspinal pain control systems 36,70 have a role on this association. Furthermore, prolonged pain stimulation, which would result in this case from previous chronic pain problems, is believed to conduct to sustained alterations at the periphery as well as within the central nervous system. This phenomenon of neuroplasticity would express itself through mechanisms of peripheral and central sensitization, respectively. 36,70 Accordingly, clinicians should be aware of increased risk of severe APSP in patients with a history of previous chronic pain problems and be sensitized to the importance of controlling for presurgical pain aggressively.
Regarding presurgical anxiety, several studies had already pointed to it as a relevant predictor of APSP in a variety of surgeries. 14, 24, 25, 29, 30, 41, 48 However, its influence on inguinal hernioplasty was not the subject of any study to date and thus it was, to our knowledge, addressed in this study for the first time.
Another psychological factor, pain catastrophizing, has been recognized as a key predictor for a wide range of pain-related outcomes, 15, 41, 51, [62] [63] [64] including APSP and CPSP after a variety of surgeries, 17, 25, [33] [34] [35] 48, 49, 57, 58, 65 although no study has evaluated its influence on inguinal hernioplasty. In the current study the rumination subscale, one component of catastrophizing, added to anxiety in the prediction of APSP intensity. This supports previous findings, namely on thoracotomy, 35 in which the unique role of rumination in APSP as well as CPSP prediction was highlighted. Additionally, other studies also showed that the rumination subscale was the most important catastrophizing component related to pain experience, with a higher predictive value compared with magnification and helplessness dimensions. 17, 63, 64 This suggests that among pain catastrophizing it is not appreciating pain as something hard to deal with (magnification) or feeling impotent (helplessness) that affects the pain experience. Accordingly, the present results show that it is rumination that plays a major role. Hence, in present study, the patients who were particularly likely to report higher levels of APSP were those who were overfocused on pain, endorsing (in the questionnaire PCS) items such as ''I can't seem to keep it out of my mind'' or ''I keep thinking about how much it hurts,'' thus exhibiting difficulties in controlling or suppressing pain-related thoughts. Actually, rumination is a form of preservative cognition or thinking, referring to the thought process (ie, excessive thinking) as well as thought content (ie, negative), and has been linked with various psychiatric disorders and physical health or illness. 55 
Clinical Practice Implications
The integrative predictive model found in this study reveals the simultaneous influence that demographic (age), clinical (previous chronic pain), and psychological (anxiety and pain catastrophizing) factors have on APSP after inguinal hernioplasty. Hence, by knowing those factors, clinical practitioners can quickly and pragmatically evaluate the risk of men undergoing inguinal hernioplasty to report higher levels of APSP.
Concerning demographic and clinical factors, special care should be provided to younger patients who present previous chronic pain, in terms of analgesia strategies as well as psychological interventions directed at pain control.
Regarding psychological factors, the most interesting implication is that anxiety as well as rumination thoughts are amenable to change or to active management through psychological interventions, because both have been shown to be modifiable risk factors and thus appealing targets for multidisciplinary pain prevention and pain management interventions. 3, 8, 11, 15, 27, 28, 51, 61, 69 This argues in favor of the adoption of presurgical psychosocial screening as part of the routine assessment of individuals undergoing surgery. Hence, and in the case of inguinal hernioplasty, patients should be screened for levels of anxiety and pain catastrophizing (namely, rumination), to determine who requires intervention and who does not. This should be done through the administration of appropriate measuring scales, like for instance the Hospital Anxiety and Depression Scale or the PCS used in current study, which propose cut scores to identify patients with a certain risk profile. When a patient scores in the risk range of anxiety or/and rumination, the patient should be offered an intervention specifically designed to target those risk factors.
33,61
Incorporating risk-targeted interventions into the routine practices offered to surgical patients is an important challenge that is likely to contribute to the improvement of pain management and patient care during the process of surgery. In this line, a wide range of interventions appear to yield reductions in anxiety and pain catastrophizing. 8, 21, [26] [27] [28] 38, 44, 69, 71 For example, participation in cognitive-behavioral pain management programs has been associated with reductions in anxiety and pain catastrophizing and enhancement of adaptive pain coping skills. 15, 26, 28, 33, 51 Another type of intervention, like neuroscience or pain physiology education, which embraces a clear biopsychosocial approach to pain, is aimed to reduce pain and disability by explaining to patients the biological, psychological, and social processes underlying the pain experience. 44, 45 It is particularly recommended in central sensitization conditions, when patients present dysfunctional cognitions, coping strategies, emotions, and behaviors in relation to pain. 21, 42 Two systematic reviews highlighted its positive effects on pain, disability, catastrophizing, and physical performance in patients with pain. 38, 39 Concerning specifically rumination (component of pain catastrophizing) as a target, although it just added 2.5% of additional variance in APSP, there are very interesting specific approaches to manage it. For instance, Meeus and colleagues 42 reported that a single session of pain physiology education had immediate effects on pain rumination decrease. Nolen-Hoeksema and colleagues 46 suggested the use of distraction techniques, mindfulness therapies, cognitive therapy, and interpersonal therapy. Lynn and colleagues 40 argued in favor of the joint use of hypnosis and mindfulness/attention control techniques. Finally, a more specific technique called rumination-focused cognitive-behavioral therapy 68 has been claimed as a practical approach to reduce or eliminate rumination in health settings. 40, 55 Overall, these psychological techniques are believed to engage neural mechanisms influencing endogenous modulation of pain and improving endogenous analgesia (descending inhibition), which appear to be similar to those involved in pharmacological analgesia. 15, 21, 26, 28, 51 Furthermore, the more recent guidelines on the management of APSP recommends that clinicians consider presurgical education as well as the use of cognitive-behavioral modalities as part of a multimodal approach in adults.
11,22
Limitations These findings must be taken with caution because of their limitations, mainly in terms of external validity. Therefore, it is important to note that this is a singlesite and single-country study, which limits the generalization of current results to populations of other countries, other hospitals, and submitted to other types of surgeries. Furthermore, future studies with larger samples are warranted. Another limitation of this study is the lack of control and monitoring of postsurgical analgesic intake, while patients were already at home, after discharge. Finally, we are also aware that the model tested in our study to predict APSP is limited, because a large amount of variance remains to be explained, and that other predictors (eg, anger, fear, optimism) need to be explored to increase our understanding. Nevertheless, the results show that 23.1% of the variance could be explained by the model tested and that psychological predictors accounted for a significant amount of variance in APSP, emerging among a set of other factors.
Strengths
One major strength of current study is that, contrary to most studies exploring the association between catastrophizing and pain, which used the total score of PCS, we have discriminated the 3 catastrophizing components. 34, 47, 58, 65 This approach unmasked the distinctive role of each component, by allowing for a thorough analysis of the variable pain catastrophizing, and suggests the design of more effective tailored interventions. Future studies should, therefore, explore each one of the PCS domains and identify and target the ones that significantly influence APSP.
Conclusions
This study supports previous literature regarding the relevant contribution of psychological factors as strong predictors of APSP, by extending their influence to APSP after inguinal hernioplasty. This knowledge might feed into acute pain clinical practice by leading clinicians to acknowledge the influence of these psychological factors in acute pain early on. Therefore, these results improve knowledge on APSP predictors and highlight potential intervention targets, such as anxiety and pain catastrophizing (rumination), for the design of interventions focused on APSP prevention and management.
Finally, the utility of the current findings should be further tested by the design of cost-and time-effective psychological interventions conceived to target patients at risk for high levels of APSP after inguinal hernioplasty. Those patients should be selected precisely on the basis of the predictive models tested in this study, and targeted early on, before surgery. Ultimately, the assessment of these interventions' efficacy and efficiency would be the last golden step in providing evidence of their benefits.
